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(54) METHOD AND APPARATUS FOR REMOVING STAIN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To remove stain 
adhering onto a stained face, by jetting ice 
particles onto and making them to collide with 
the stained face. 

SOLUTION: Air pressurized by a compressor 15 
is dried by an air drier 1 7 before being 
introduced into a conveyance pipe 7 via a valve 
6. When a valve 5 is opened, ice particles stored 
in a blast tank 4 of an ice particle making device 
100 is allowed to enter the conveyance pipe 7 
through the valve 5 and goes into a fluidics 
nozzle 18 in accompany by high speed air. The 
particles are whirled by high pressure air Q1, Q2 
supplied through valves 8, 9 and enter a heat 
transfer pipe 10. The ice particles are made to 
collide with an inner face of the heat transfer 

pipe 10 and stain adhering on to the inner face is removed. The ice particles flow 
through the pipe 10 and become water, and the water and the contaminant 
removed are introduced into a collector 20 via a collecting nozzle 19. The stain is 
removed from the water and air in the collector 20. Separated air is released into 
atmospheric air from the collector 20 and separated water is guided into the ice 
particle making device 100 via a filter 21 and frozen again. 
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[ I g*3S 5 ] ±1 StK&£ £M <b 7k*>> 8 £ ffi a<Dffi-& 

**K:sn*r mmf zct zwm t * zm&m i x« 2 
EB©t?*ii*£:£rffi. 

[ Kim 6 ] ±f BtK&S: 2 4+% v 8 

aim $ n/c^7jctc«-i±-c»aw*r £ c £ «t t 
$ n*:*«L **&*p 0 r sf «©ias& v wa £ '-r * ft 

SS**I<DI*3ffiCC7K£ «Sf 0 r 7K*S 5 -t± €>^7K^^ MM? 

««©J*fficc*4i»» ur 7KS $ tir£«*«*=R<iI"r & 
C £ «9»± 7 Ett<DSft»*»H. 

m£ r <*> 19*11 7 Etto^ftft^sw. 
[»3Rihii] »skcc ct o r^in $ n sa»a©>n cc 

So 4 <> 

fc«*«* AWT SCi^fi -r 7 a ^ u 10 

CHI*ai3] *#«Mrr £M£ffi*tt<£JlCt£ ->rtt 
■K U /c^7KtS^ JUiT * C £ *«f« <k T 5 »*J| 7 ft c » 
Ui2iEKOSti|«*S6iH. 

C 14 ] ±E8WS*««c Wte S »*P^ - ^* 
»©— »*±ER*«OrtB«:*& ^ XffiM S tt£ <b £ ■*> 
CC±E»*P^-^*(*c0»SW*±E»j««O*to 0 *8fc so 



(2) «H¥ 1 1 - 1 5 3 3 7 3 
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as # 4 c i i -r * ta**s 8 is*)tf)^nr&£i£ 

cc±E»a*>- il/»(*©»«*±E«*«© * =b *) 
[0 00 1 ] 

co 0 0 2 ] 

b /c«-t> X T - ;i/^©v^n * Rfe* L T ^ /Co 
[0 00 3] 

[XHtfKftUJ: 9 JbE«e*©*8S«c*jc» 
r«. SBfi<Dhr^^7-x8!ffi«ft2ooo-c, ESf©tr? 
*-x5^gioo —150 cclbur^L<lie^/^, 

[0004] ^/c «sti«e«i««>rtfficc«8*"r 4 i cc 

4 £ <h CCm«® U /c®S«^^^B9 LlsXtumLKV 
/c 0 

[000 5] 

r^/c^cc^sn/c^or^-or, 

[0006] fteo^at£-r 4£ c ±etK&<dsk 
4. 

[0 0 0 7 ] ffe(#l$©£^££C5te. ±E*tt*«* 
[0 008]ffe^ait^iC5ii. ±IB7X«i^:«iI 

©*«£cc«-ttr «w-r 4 c <h cc ft 4o 
[o oo9] moy^mt-f^tc^t. 

tTk* 6 **a<&i&&i»ccffe-er «»t 4 c £ cc ft 
[o o i o ] moyftWitvztczte. iie«tt*?-f 

4C £(Cft4 9 

[0011] »2©*?SOS©i-r4<bC5«, *** 



C3) 

3 

*ffikLXffi&<D&tR • ^m(DmiLlCf$M?Z>tcbb<D{? 
[0012] lfi(W$a<!:t5iC6tt. »*«DSfrD 

Mrs «SH«B«Jl«T & c t <c & £ . 10 
[0 0 13] icfttifiiciii, 

[0014] i&mftMtTZtczi*, w*«cortapcc 
tC7k*ffliTor*tt3-a-s c ik: J: »)*tt*S!|jS"r-5» 
[0 0 15] »D««±Tft£C*tt, 

a ^ ft & ef»s<7)^scc7K«s u jwwb £S £ « t -r*« 
*»wfcH*«**«r s c t «c » * . 20 
[ooi6] ffe<D#«<bTa<tc3«:. c 

t «c cfc o xmz? Z> et0Ett4R«:?MI K £ o r &£p 5 ft 
5o 

[ooi7] ftoMit^ic^it *#*k*§t*bj 
£»*i*c>«c ct -> r »a u/c«*«*ft«r s c t «: 

[00 18] tfe^MiT^iC^Jt ±SE8tt£i5HCC 
»ori»ia3l±5i i^CC±S2?ft^>-^i«»©g!SB4 30 
[00 19] HWllkOWmirSiC*!*, ±SB2*ISg 

fficc»oraaas-&&i<k fc tc±g - ^ffi&wm 

[00 2 0] 

immcommcojfm] ^mmm 1 ®jqsis!8#is i 

mStir^a. ioo tt*tt«jftiSi«r. Stiktti. *7 
(00 2 1 ]»^ir***ttS**Ci«CJ:»)»% 40 

hfc*«^7-y^+2fc«»3n, ccrK^ci 

««iHi»E 3 tcett&sn, ccr7j<^£fc^T£c<L(c 
<fc o rw IWWUtaOTKflC fc * . 
[0 02 2] ^0>Ue£BEK&onfll#IB23«cin3 
ft. 7K^<DiaS4-30'C—-50*Ci*r^C<i:(c^:or^ 
<Dt' 9 # - *$gg££JlcD-e-ft (100-150) <h < 

nrccccwwsti, #5*h< cicciorspastx so 



1 1 - 1 5 3 3 7 3 
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[0 02 4] 3>^Uy*isr#EStlfc2gaittliBftdr 

[0 02 5] -ecr. #5£i3<<t, TMaMiSSSBioo 
h *>^4rtCCH?jBSnri^*f4^5Srii 

[0 02 6 ] CCr. &8 % 9«rarflB»3*ite»BEffl 
mQa , Q, cccfcorjSlEl^b^^n, cotesri&Tk 
msscoesmioftctASo ^ur. (a»«ioF*3*sgisi 
otctfib aaa-r * as -c*iaa* £««i<x7> m «c f©^ u 

[0027] *tt«ef«eios:i«a"r ^ c £ cc j: o &ak 

ftr @iR -/ x;H9ft ii r sjd«$h2ok: a & • 
[0 02 8] ^ir, [5|iRKiB2or*&a J 2ga*»6«ti 
jWMKSft. H«l/ttt»«iHiSHK:a6tir«HSSti 
£. »»3n/t^«lsliRita20**6^*«cflcttlS 
ft, £/c. »«tSnfc*W7^iU#2i*«ri!WSMHJBaS 
^ioo (DS^cH 1 cc A 1 cc r j¥39klfrt* 

So 

[0 029] *|W!a>3l2 OXtt^lB^H 2 tCtjkZtiX 

[0 0 3 0 ] ZLX % C<Dm&.&W'otcl%?ktetf>7'Vl 
CCJ:03EE^ti, j^SCccSi;ria7Sbttt>^XjU3&>6G 

»«Krtccisar«s*3ns. coesseiosrifesr* 
Mr*jS©^v*l^fi^«iaortffl«c^Lrc 

(0 0 3 1 1 e^i^e^autoks^n^iR-/ 

XiH9S:aorS«93F*9CCA0, CCte-aimgSft 
So #>^94Ccj:0fflaiStirsi:Rfft95CcA 

latieu, ±a*«»m«96«:«rsffflsns. 

[0032] *^(D^3 OXMHSflWH 3 cc^^nr 
ip? n/c7k«§^t§72ftf±Wig74r<±^s c t cc <fc o r 

-ebr, S75rt«cip«s*irc»4iB, a*¥«76(c<fcor 
*S774?&*7s<fc^fHJ¥s ns. 

[0 0 3 3 ] S75^6f±tOS74%fflxrS7SrtCcS6AO 
fc7k«tf > ^socc <t o Mas $ ft r i£?££P2i 7iccflfcj& $ ft 
rccr*so*3a#£P£ft£o c(OlMg^iW t f 
*ci«c<fcora75rta>»*7s©att3W«Ti/. c<d^ 



(4) 

5 

{oo34] ^cr, *>79i£a$su *fitH^Ka 

100 <D2?5*BB< t> B»«72©S7536»6»UShfc» 

7k6C7Ktt«jS»iffioo ^ e>e«& s n/c*a^i^ire 

S ft fc»-¥> x - ^ > ^ g2rt Cc«rB S n S - 
[0 036] >\<Z8rt>zm*)ti\$titcftMZ# io 

l&S 84£ il o r 7k#»JftiP8 71tC $ ti -5 . 

[0 03 7] ftfc, 04«C7ft-r <fc «te«72©{±$J 
IS074(DT^rCCiiKS86*7l5SEU, S75rt<D»*783&S7 4 

)\sZ87%mt) . jBS86*«T*79rt«:iaEA-r4j: skt 

[0 0 3 8] ^0«4 O^OKtBIK^H 5 CC^£;ftT 

t^, c <oieifijBS8«ia i tcfjk-rm 1 ©nffis^sscc # 

* s y **kSM«B2oo *a*-&to*fc4a>r. s»« 20 

[0039] *<ut. *ii»7**isita-r*sai» 
7k<b^6^^sii<D®^ieff:6C7kai!^aiDo 

itmum 1 ac^H 3 «c7Rr^^«<bRia-c* 0 , 
*txs-r & as*t«c tipj d *ftut* ok w **i&-r 

*ttS:*2-r*£», ^k, a£^^&£«ttcc£ 
CT»iKjg-rs©#ss* 30 
c 0 0 4 0 ] m 6 tci^-r J: 5 cc , *fi«fi«aioo <d$s 

u «7k«i r7ka4^a-rac<fc«cj:oraYtLfca 

[004 1 ]^^ i7^fJ:^(C, te$«102 ©7 

n>, T^^-T^ttmbt^wm 1 kwisi* ffi 
ottxettegaioi ^ ^OTS^oxb, ^Ktssa 3 jc« 

[0 04 2] BSCC/nT-fc^CC, »W«102 40 

«b» **&£«Bi03 *ar«iaiSl*StRlft«:*3«ft« 

103 r^sn/c^a-iR^6&5^«^^syka 
1 kiwis** ci*«r#«. aw»a3(c(tiemB» 

[0 043] CCD J: 9«crtitt. iMfeOXMMttffl 

x^*Jtd't>co»»b.#ii««i 1 iflfa-rsias-cii 
ar*o*i»itr#s. 50 



»B!¥1 1 - 1 5 3 3 7 3 
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[0044] 7kSBi«Bioo <D»*ffl^H9 cc^snru 

[0 04 5] R**aa©**tt:ttifla«:»vsi|iffioia 
IE**14#IERS ft. C®B^i4(Ctt±T«CMlS*PHT: 

r«»©7k*iB^:223waws*i % :/u-K23<ds 

[00461 ^7?S/t2 tt»**lia]©T4acc3tlS3 ti 
-CT^CCffiJ^ o r Jtffl £ «C *«24<fc , C (D«24<DTSPrt 
ffiteH£3ftfcB:£*25<!:, HlgWi4©T«IKcH3eSh 

rHS*25<tW3eorara*Hrr«ft-r4H«i26«r* 
[0047] aas«a3ttiaaa:Risftto»a[«27d: % 

c <Drt5ittt c ft ilSISCcffiRS tifcniWR©*aS3&» 6 

A:nfir«©*rtlB29€rfl:7iri>-S. 
[0048] :/^Xh*>^4 W?ftaC#l27©T4a«:illS 

[0049] »atB27rt<Dias€:«»D-rsiaa-fe>^3o 

3^6<Ofg^Ccj:^r^3a7yH<kft*<i: % «#SSR^©^ 
£P 5/ - Jl/jfttt e ***p 3l£ il o T ftsiffiS 2 7P*9 CC A 0 , 
; fS27rtrmft 0 r (±W®28(D^^CDyA:aa : -e<DTffi03P 

[ 0 0 5 0 ] ^bT, tW0»28i*rtlH29i©HII«CC» 

[0 0 5 1 ] §&W&1 . vls+2 % «Sg^3M 
^7^h^>^4«»rj»»37tci:oT:»S3ti, C<DK 

[0 05 2 ] CCE>*tft«iSSgai00 <£®KB$CCte, »Kt 

b^»**i(o»w««i2rt*ifiRu. {p]$Kl4i4^o'cn 
«cffl*snfc^u- K2330*HKH»StiS. fir, # 
3175^53 <b S tit tt&is-)l>ffi» e dsaS^B 3 co?*2K« 
27F*9CC«^Sn* 0 

[0 05 3 ] fit. Tka^STjcWiiOigR^eaSTF-r 
*<braB$cc7k«^22^6»7K«n©rtffiCc«StSn 
£ 0 co7k«M>k»ii^/hi/r^«i2rto^b<h^ 

[0 05 4] CC[>7lcjld«^U- K23CCj:»3a*S<t3 
tl"C^"7 5»^+2©«24rtCCA0, * OllSS&25<t[p]SE 

«i26K:J:0»»snrBf£(D-*ffi. »«©*tt4ttt 

*, CC07kSd 1 (m^a3CD|gF^tiJ29Sa f f±^jg2 
[0 05 5] COBS, «K*>*3(*6©}B*«CJ:0# 



jJOi^T £ C t cc J: o r /MS d, <Di»JS*Bfr ffioaff <t b . 
[0 0 5 6 ] 3f3EOB!KtSCofc*ttditt^^ 

CO 0 5 7 ] Biotc^fi^K:, :7U- F23©jfc»** 

[005 8] ^/c, BiitCTnTcfc^lc, :/U-F230g 10 
^^leIE?4i4Ccffi*o, lsiE»i4te^R3ftfcX»4i<fc 
^ U - F 23©* BBSS <k ©pa cc^sg $ n/c^ -/ 7* »; > 
y42Ccj:^r^u- K23<o$^i*«t*«ii<ortHffiK:E 

[0 0 5 9 ] */c, ^12(C^:Ti: ^CC, [Hllil4l4CCX^ 
-f43*ALT^^y »-^U- F444HSU C(DX^ 

»; A - ^u- F 44fl0jiBa*iai2(O ccthTJ:^^ 
[0060] Hi3«C7ST J: ^CC. SJ*«ll©rtH 20 

K^mzmcm&z titc&m? \» - f a&c& o b&t & 

[0 06 1] Bi4K:W:i5*k« 1 cDffecolgSS^SS^TnSn 
«tt»«*47aftiBR3n, CO»«Hi47tD4»*«c-FB« 

483&<ssa:«:iBSsnT:c^a. s*«46©rtJan«:ia8S 

tifcMR© -/ X;1/493(p 67K a £?£^ffl47(D^M!ffiCCifi£t 

u T»«48*«r»»j«b *»jii«47rtiSSBccea&-r 

£o 30 
[006 2 ] t-Si, »»«47©5WSffilCtt»Ofc*tt 

»««47*^Lr*<ortasflC)W»«b tja^ft-rsci 

[0 06 3] Hi5CCtt»a«47<OW-Hffi«:*lSLfc*JB 
d©iWlB«fl|3&s7RStirc»4. ^»4W^t>0ccRia 
tt<Z>»««si*l^ffl±T^IHB*l«r-C*S«:EB 

';>^53^afS^^o 

[0 06 4 ] C©'J>y53*«ft©n* F 54*^0^ 40 
?£®5i£±TIjj S Tte«*47©ttfflBK*IS L /ctKB 

d^a^mi-r. 

[006 5] Hi6«ctta5t*a i ©ftosttmeawiss n 
cowsjBSWctei^rtt. K*tS4«Di*i8Pcc8g: 
■Sftfe»lBW57tftt#l»^ 

ttiStin**. ^IT, *a#»«»57©RlittttB 
icaTSti, c©R»tlWBecB!Wte*«oairttlWi 

rsasr^tti&s. 50 



«Sa? 1 1 - 1 5 3 3 7 3 
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[0 0 6 6 ] Hi7tc«*IBdcoaija««©ffe©IISSJBS8 
fciftr 57co^m r £ J: 3 cc fflSS-f tec j;^ 
[0067] (A) OCt^T <fe JBttKtft«62**£J»S 

C<bCCi:0, (B) CC/nTJ:^CC. fflS&ic^JfcLTJWBd 
*Mlt5. *«d#SMrr*±, ««Ktt«62ttCC) 
tc^-Tcfc^cc, e»JSao^ffi«c«L rutins 
c <t J: 0 5E©T«««CcfWi-r 
[0068] «i^tt«62W*<DaWJBtt^T««©* 

<. *fc % ^Ktt«62«^S6ik:aB»fflBf-eHSl/ 

[0069] BitfC tezkB d G>M»«ra<DMCCte©iHft 

S6KD^ffl«c#» 0 /ctK^ d^a^SiTcfcoCcft^r 

[007 0] His^C^tKB d(DiyiS»^«t<DffiiC<b<D|ISfi 
JBSS^stiri^s. ccoms&B^dc^xft^ (a) tc 

^^U-^64^T^C^»J-r-5i, CB) cc^-r^^cc, 
^<D^ftJ^ic<fc ^rGSftiaeiCc^Sb/cTKB d £S 

[0 07 1] JgCC. T^Cc^Sftf ^><h, CO CCt^-TJ:^ 

cc, ^^u-^"64<o«»tcRwfcgie67(c<fcorepai^ 

F66*«Jg«:^±Cf 6tir»#K6ti/c*»d€r« 

[0 07 2 ] COjQSjlK.««^^ U-7S64^fiEfStb$i± 

fetC*Jl d ^rfiiH&cmT? i±£ CWtti. 
[0 07 3] HTSUftl** 1 . B9lc5Vr»2Min 

57<D?fffi. Bl7CC7S-r»«iBtt«62flO^B, I^ISRO'S 

lSCC/nT CMS 6i^7k^7k^-T -2> accffl7Ktt^^ 4«fl§ 

[0 07 4] B206CS2B 9 CC^TtK^^SiOO CCfc 
SSS 3 ic gtfg 3 ti 3fcf#»5/- ^ »* e <D— BR*aB 32 



9 

u- Mtt» t^-m ox m tB^34^ est u $ n 5 «* 5 cc % 
^x±M?*}§&i/-)\sm*ic£^x^<DfomWfrh<D 

C 0 0 7 6 ] H2iAc«iai4«:7ft-rK7K« 1 

M3*«TSfttm34Jfe6gflHS*i&. »SK2»«Mt 
[0 0 7 7 ] CCDcfc^CClT^i, h 331*3 48Ka 

r±»r 5»ffl^-;i/Sfe«:cc J: o rte*g«47(D*Wgffi)fr 
* £ <h <fc cc c <o^H3ffi«ci«s* £ n 5 

[007 8 ] H22tettBi6(C7ftr«*« l 
tiro*. Wfeiait3«:fltt&stifc»ai^-;u»#e© 

©R8HWfflCC»oT±#Lri> + * ? h 33CC86AT 
[0 07 9 ] C<DJ:5Cor Si % S^ + ^ry h33rt*8Sa 

HtWflB* 6ak**»M-c* & <t <h 6 «C C CDRH«W® 
[008 1] 

C*w©s»*] i ia«M>» i ©«w*c*jc»r», 
wicttmLtcmti&m&rwx, u&vj: stems.* 

[0 08 2 ] *tt©fflS*JBI«r 5C £ CC J: oT*tt© 



(6) *f Bfl^p 1 1 - 1 5 3 3 7 3 

10 

wis. t mmx& c tivxr trzettc^^x mnm^m 
mc£vm*>ti?><D*:ffi±x$ 
[0 0 8 3 ] }m*mm<Dms^ffi.fomi*xmm-rti&. 

[&*r £ £ <t <h *>«ci»*3 n^ti«2ai£cc«-frrtfi 
4f# £ c i #r ^ £ <h t h icmti zftm. l tc&com 

10 [0 0 84] *&«rlSiS<D*i3fcw:fg#-CPB8*"rtitt, /K 

[0 0 8 5] *«[*2g«i7K3^6tta*iS©iBd«*cc 
[0 0 8 6 ] ? ^iKSMdSH^^ttttld 

tcm&mt)m*m^xmRici%*.$:&2>c ±&x*z„ 

[0 0 8 7] fB*3a7iett<D»2©«?HCC*$lirtt. 7K 

30 [0 08 8] S87K«co$feOCc^i»fg4BeS:U. SbKtB 

[0 08 9] »*«(Drtai5ec»a«*iBRl/rCfl!>?ft«tt 

[0 09 0] H^0>rtS€Ci^P]W«O»lltt«:ER 
LTCO»j^©Rlit^ffiCC**»Tr*i« % 7KS4 

[0091] »««cj:or»*isti*eK«<o^n«c* 

[0 09 2] *3W»T*Ci«c<fcorK?B"r4JKttE 

[0 0 9 3] *3&s*«r*H*»*tt©BlCCJ:-9rtSB[ 

[0 0 9 4] «^a«:«J&S*ite»*ps/-;i/«*©- 
50 »*S^»OrtffiCcfS^r»as-&S<ti4«c»«*» 



(7) 

11 
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[Claims ] 

1. A method for removing stain, characterized by removing 
stain adhering onto a stained face by jetting ice particles onto 
and making the ice particles collide with the stained face. 

2. A method for removing stain of claim 1, characterized 
by that the hardness of the ice particles is changed by adjusting 
temperature of the ice particles . 

3 . A method for removing stain of claim 1 or 2 , characterized 
by that the ice particles are carried and jetted by high speed 
air. 

4 . A method for removing stain of claim lor 2, characterized 
by that the ice particles are carried and jetted by high speed 
water. 

5 . A method for removing stain of claim 1 or 2 , characterized 
by that the ice particles are carried and jetted high speed 
mixture fluid consisting of air and water. 

6. A method for removing stain of claim 1, 2, 4 or 5, 
characterized by that the ice particles are carried and jetted 
by high speed cold water extracted from a dynamic ice thermal 
storage apparatus . 

7. An apparatus for removing stain, characterized by being 
comprised of an ice particle making device consisting of an ice 
making machine for freezing water, a crusher for crushing and 
forming the ice supplied from the ice making machine into ice 
particles with a required shape and dimension, a freezing device 
for cooling the ice particles supplied from the crusher to a 
required temperature and hardness and a blast tank for storing 
the ice particles supplied from the freezing device, and means 



for jetting the ice particles produced by the ice particle making 
device onto a stain face. 

8 . An apparatus for removing stain of claim 7 , characterized 
by being comprised of an ice making machine for freezing water 
by disposing a refrigerant tank around an ice making tank and 
by jetting water onto an inner face of the ice making tank. 

9 . An apparatus for removing stain of claim 7 , characterized 
by being comprised of an ice making machine for freezing water 
by disposing a refrigerant tank inside an ice making tank and 
by jetting water onto an outer face of the refrigerant tank. 

10. An apparatus for removing stain of claim 7, 
characterized by being comprised of an ice making machine for 
making ice particles by disposing an upright cone-shaped 
refrigerant tank inside an ice making tank and by dropping and 
freezing water on an upright cone-shaped outer face of the 
refrigerant tank. 

11. An apparatus for removing stain of claim 7 to 9, 
characterized by being comprised of an ice making machine 
provided with means for scraping down an ice layer frozen on 
an outer face of a heat transfer wall cooled by refrigerant. 

12. An apparatus for removing stain of claim 7 to 10, 
characterized by being comprised of an ice making machine 
disposing a shape-memory plate, which changes a shape as ice 
adheres thereto, on an outer face of a heat transfer wall cooled 
by refrigerant . 

13. An apparatus for removing stain of claim 7 to 12, 
characterized by being comprised of an ice making machine with 
a surface for freezing water coated by a water- shedding film. 
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14. An apparatus for removing stain of claim 8, 
characterized by making a portion of cooling-seal fluid supplied 
to the freezing device flow along and pass through the inner 
face of the ice making tank and making the remaining cooling- seal 
fluid flow around and pass through the refrigerant tank. 

15. An apparatus for removing stain of claim 9 or 10, 
characterized by making a portion of cooling-seal fluid supplied 
to the freezing device flow along and pass through the outer 
face of the refrigerant tank and making the remaining 
cooling-seal fluid flow around and pass through the ice making 
tank. 

[Detail Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The invention relates to a method and apparatus for removing 
stain suitable for removing stain such as rusts and scales 
adhering onto an inner face of a heat transfer pipe of a 
feed-water heater. 

[0002] 

[Prior Art] 

Conventionally, stain, such as rusts and scales adhering 
onto an inner face of a heat transfer pipe, has been removed 
by carrying sand particles with a size of several dozen micron 
made of alumina, ceramic and the like by air and by jetting the 
sand particle onto the inner face of the heat transfer pipe. 

[0003] 

[Problems to Be Solved by the Invention] 

In the above conventional method, since Vickers Hardness 
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of the sand particles is about 2000 which is significantly harder 
than Vickers Hardness of a heat transfer pipe which is 100 to 
150, when the sand particles are jetted onto an inner face of 
the heat transfer pipe, a problem is posed in that the inner 
face of the heat transfer pipe is chipped off, and that a lifetime 
and durability are reduced by decreasing a thickness of the heat 
transfer pipe. 
[0004] 

Moreover, since the sand particles are collapsed and wasted 
by jetting onto the inner face of the heat transfer pipe, a 
problem is posed in that expenses pile up because refilling the 
sand particles takes cost and the collapsed sand particles must 
be handled as industrial wastes. 

[0005] 

[Means for Solving the Problems] 

The invention is invented in order to solve above problems 
and a first gist of the invention is a method for removing stain, 
characterized by removing stain adhering onto a stained face 
by jetting ice particles onto and making the ice particles 
collide with the stained face. 

[0006] 

Another feature is that the hardness of the ice particles 
is changed by adjusting temperature of the ice particles. 
[0007] 

Another feature is that the ice particles are carried and 
jetted by high speed air. 
[0008] 

Another feature is that the ice particles are carried and 
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jetted by high speed water. 
[0009] 

Another feature is that the ice particles are carried and 
jetted by high speed mixture fluid consisting of air and water. 
[0010] 

Another feature is that the ice particles are carried and 
jetted by high speed cold water extracted from a dynamic ice 
thermal storage apparatus. 

[0011] 

A second gist of the invention is an apparatus for removing 
stain, characterized by being comprised of an ice particle making 
device consisting of an ice making machine for freezing water, 
a crusher for crushing and forming the ice supplied from the 
ice making machine into ice particles with a required shape and 
dimension, a freezing device for cooling the ice particles 
supplied from the crusher to a required temperature and hardness 
and a blast tank for storing the ice particles supplied from 
the freezing device, and means for jetting the ice particles 
produced by the ice particle making device onto a stain face. 

[0012] 

Another feature is to be comprised of an ice making machine 
for freezing water by disposing a refrigerant tank around an 
ice making tank and by jetting water onto an inner face of the 
ice making tank, 

[0013] 

Another feature is to be comprised of an ice making machine 
for freezing water by disposing a refrigerant tank inside an 
ice making tank and by jetting water onto an outer face of the 



5 



refrigerant tank. 
[0014] 

Another feature is to be comprised of an ice making machine 
for making ice particles by disposing an upright cone-shaped 
refrigerant tank inside an ice making tank and by dropping and 
freezing water on an upright cone-shaped outer face of the 
refrigerant tank . 

[0015] 

Another feature is to be comprised of an ice making machine 
provided with means for scraping down an ice layer frozen on 
an outer face of a heat transfer wall cooled by refrigerant. 

[0016] 

Another feature is to be comprised of an ice making machine 
disposing a shape-memory plate, which changes a shape as ice 
adheres thereto, on an outer face of a heat transfer wall cooled 
by refrigerant. 

[0017] 

Another feature is to be comprised of an ice making machine 
with a surface for freezing water coated by a water- shedding 
film. 

[0018] 

Another feature is to make a portion of cooling-seal fluid 
supplied to the freezing device flow along and pass through the 
inner face of the ice making tank and to make the remaining 
cooling- seal fluid flow around and pass through the refrigerant 
tank. 

[0019] 

Another feature is to make a portion of cooling- seal fluid 
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supplied to the freezing device flow along and pass through the 
outer face of the refrigerant tank and to make the remaining 
cooling-seal fluid flow around and pass through the ice making 
tank . 

[0020] 

[Embodiments of the Invention] 

Fig. 1 shows a first embodiment of the invention. 100 is 
an ice particle making device consisting of an ice making machine 
1, a crusher 2, a freezing device 3 and a blast tank 4. 

[0021] 

Ice is obtained by freezing water with the ice making 
machine 1 and supplied to the crusher 2 to be crushed and formed 
into ice particles with a required shape and dimension. The ice 
particles are supplied to the freezing device 3 and cooled to 
a required temperature and hardness. 

[0022] 

Fig. 2 3 shows a relationship between temperature and 
hardness of ice particles, Vickers hardness of ice particles 
can be made almost equal to that of metals (100 to 150) by making 
the temperature of ice particles -30QC to -50QC 

[0023] 

Then, the ice particles are supplied and stored in the blast 
tank 4 and discharged by opening a valve 5 . 
[0024] 

Air pressurized by a compressor 15 enters an auxiliary tank 
16 and pulsation is removed from the air. The air is fried by 
an air dryer 17 before being introduced into a conveyance pipe 
7 via a valve 6 . 
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[0025] 

When a valve 5 is opened, the ice particles stored in the 
blast tank 4 of an ice particle making device 100 are allowed 
to enter the conveyance pipe 7 through the valve 5 and goes into 
a fluidics nozzle 18 in accompany by high speed air. 

[0026] 

The particles are whirled by high pressure air Ql , Q2 
supplied through valves 8, 9 and enter a heat transfer pipe 10 
of a feed-water heater in this state. In the course of whirling 
and flowing through the heat transfer pipe 10, the ice particles 
are made to collide with an inner face of the heat transfer pipe 
10 and remove stain such as rusts and scales adhering onto the 
inner face. 

[0027] 

The ice particles flow though the heat transfer pipe 10 
and melt into water, and the water and the contaminant removed 
are introduced into a collector 20 via a collecting nozzle 19 
in accompany by air. 

[0028] 

The stain is separated from the water and air in the 
collector 20 and is sent to and processed by a processor which 
is not shown. Separated air is released into atmospheric air 
from the collector 20 and Separated water is guided into the 
ice making machine 1 of the ice particle making device 100 via 
a filter 21 and frozen again. 

[0029] 

Fig. 2 shows a second embodiment of the invention. When 
a pump 91 is started up, cold water stored in a service tank 
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9 2 is extracted. Then, by opening the valve 5, the ice particles 
are mixed in the cold water. 

[0030] 

The cold water accompanied by the ice particles is 
pressurized by the pump 91 and is jetted from a nozzle which 
is not shown into the heat transfer pipe 10 at a high speed, 
as required. In the course of flowing through the heat transfer 
pipe 10, the high speed water and ice particles are made to 
collide with an inner face of the heat transfer pipe 10 and remove 
stain such as rusts and scales adhering onto the inner face. 

[0031] 

The water and stain flowing out of the heat transfer pipe 

10 go into a receiving tank 93 via the collecting nozzle 19 and 
temporarily stored in the tank. Then, the water and stain are 
extracted by the pump 9 4 and introduced into a precipitation 
pond 9 5 and, while being stored in the pond, solid materials 
such as rusts and scales is precipitated and supernatant water 
is discharged via a drainage pipe 96. 

[0032] 

Fig. 3 shows a third embodiment of the invention. Water 
is supercooled by a supercooler 71 of a dynamic ice thermal 
storage apparatus 200 and is guided to a chamber 7 5 formed by 
partitioning a cooling storage tank 72 and, by jetting out from 
a nozzle 73 and releasing from the supercooled state, the water 
is made into cold water including ice crystals. While being 
stored in the chamber 75, the ice crystals 77 and cold water 
78 are stirred by a stirrer 76. 

[0033] 
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A portion of water flows from the chamber 75 into a chamber 
79 beyond a partition wall 74 , and is extracted by a pump 80, 
supplied to the supercooler 71 and supercooled again. By 
continuing this cooling storage operation for an interim period, 
the temperature of the cold water 7 3 in the chamber 75 is lowered 
and, by storing the ice crystals 7 7 in the entire upper portion 
of the cold water 78, cooling is stored in the cooling storage 
tank 72. 

[0034] 

Then, when the pump 91 is operated and the valve 5 of the 
ice particle making device 100 is opened, the ice particles 
supplied from the ice particle making device 100 are mixed in 
the cold water extracted from the chamber in the cooling storage 
tank 72 and jetted into the heat transfer pipe 10. 

[0035] 

The cold water and stain flowing out of the heat transfer 
pipe 10 go into a magnetic filter 81 for separating rusts and 
scales, and the separated rusts and scales are stored in a tank 
82. 

[0036] 

The cold water tapped off the magnetic filter 81 flows into 
the supercooler 71 of the dynamic ice thermal storage apparatus 
200 to be supercooled again . When the water in the system becomes 
insufficient, water is refilled into the supercooler 71 via a 
refill pipe84 . 

[0037] 

As shown in Fig. 4, a path 86 may be formed on the lower 
side of the partition wall 74 of the cooling storage tank 72 
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and the cold water 78 in the chamber 75 may flow into the chamber 
79 via a filter 87 though the passageway 86. 
[0038] 

Fig. 5 shows a fourth embodiment of the invention. This 
embodiment combines the first embodiment shown in Fig. 1 with 
the dynamic ice thermal storage apparatus 200 , and cold water 
extracted from the cooling storage tank 72 is supplied to the 
conveyance pipe 7 . 

[0039 ] 

In this way, the ice particles produced in the ice particle 
making device 100 are mixed in high speed mixture fluid 
consisting of air and cold water flowing through the conveyance 
pipe 7. Other structures and actions are the same as the 
embodiments shown in Fig. 1 and Fig. 3, and descriptions of the 
corresponding members are omitted by adding the same symbols 
thereto. It is desirable to change a temperature, shape and 
dimension of the ice particles accordingly, depending on a type 
of stain as well as a carrying medium such as air, cold water 
and mixture fluid carrying the ice particles. 

[0040] 

As shown in Fig. 6 , when liquid nitrogen hi is supplied from 
a liquid nitrogen supply device 101 to the ice making machine 
1 of the ice particle making device 100 and is vaporized by 
freezing water a in the ice making machine 1, the vaporized 
nitrogen gas c has a sufficiently low temperature and can be 
supplied to the freezing device 3 for cooling of the ice 
particles . 

[0041] 
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Also, as shown in Fig. 7, by circulating a refrigerant b 2 
of a refrigerating machine 102, such as chlorof luorocarbon and 
ammonium, through the ice making machine 1, the liquid nitrogen 
bi from the liquid nitrogen supply device 101 can be supplied 
to the freezing device 3. 

[0042] 

Also, as shown in Fig. 8, while the refrigerant b 2 of the 
refrigerating machine 102 is circulated via a heat exchanger 
103, a cooling medium b 3 consisting of antifreeze liquid and the 
like can be cooled by the heat exchanger 103 and circulated 
through the ice making machine 1 . To the freezing device 3 , the 
liquid nitrogen b x is supplied from the liquid nitrogen supply 
device 101. 

[0043] 

In this way, the cooling medium b 3 can be cooled with the 
use of the evaporation latent heat of the refrigerant b 2 , and 
the water a can be cooled by sensible heat of the cooling medium 
b 3 - Also, in the case that the refrigerant b 2 of the 
refrigerating machine 102 is subjected to constraints regarding 
to a material strength or structure, such as a cold brittleness 
of the ice making machine 1, or in the course of circulating 
the refrigerant b 2 through the ice making machine 1 , leakage can 
be prevented. 

[0044] 

Fig. 9 shows details of the ice particle making device 100. 
The ice making machine 1 is comprised of a vertical and 
cylindrical ice making tank 11 , a refrigerant tank 12 surrounding 
the ice making tank 11 and a surrounding plate 13 surrounding 



12 



the refrigerant tank 12. 
[0045] 

In the center of the ice making tank 11 , a hollow rotation 
axis 14 is disposed, extending vertically; multiple water 
ejection holes 22 are bored in the rotation axis 14 , being spaced 
vertically; and a base end of a blade 23 is fixed to the rotation 
axis 14. 

[0046] 

The crusher 2 is comprised of a tank 2 4 coupled to a lower 
end of the ice making tank 11 and tapered downward, a fixed tooth 

25 fixed to a lower face of the tank 24 and a rotation tooth 

26 fixed to a lower end of the rotation axis 14 and opposed to 
the fixed tooth 25 leaving a predetermined distance thereto. 

[0047] 

The freezing device 3 is comprised of a vertical and 
cylindrical refrigerating tank 27, a partition tube 28 
consisting of a cylindrical porous plate disposed coaxially 
within the refrigerating tank 27 and a cylindrical guide tube 
29 disposed coaxially in an upper portion inside the partition 
tube 28. 

[0048] 

The blast tank 4 is comprised of a hopper 3 5 coupled to 
a lower end of the refrigerating tank 2 7 and tapered downward, 
and a cylindrical storage tank 36 coupled to a lower part of 
the hopper 35. 

[0049] 

When a valve 31 is opened by an instruction from a 
temperature sensor 30 detecting a temperature inside the 
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refrigerating tank 27, cooling-seal fluid e such as liquid 
nitrogen is introduced into the refrigerating tank 27 though 
the valve 31 , is vaporized in the refrigerating tank 27 and, 
in the course of passing though multiple holes and a lower-end 
opening of the partition tube 2 8 and moving upwardly within the 
partition tube 28, contacts with and refrigerates the ice 
particles falling from the crusher 2. 
[0050] 

Then, the cooling- seal fluid e flowing into a gap between 
the partition tube 28 and the guide tube 29 is exhausted from 
a exhaust pipe through a path 32 formed along an outer face of 
the tank 2 4 of the crusher 2 and through inside of a jacket 3 3 
surrounding the refrigerant tank 12. 

[0051] 

The ice making machine 1, the crusher 2 , the freezing device 
3 and the blast tank 4 are covered by heat insulation material 
37 and the heat insulation material 37 is covered by an outer 
plate 38. 

[0052] 

When the ice particle making device 100 is operated, the 
refrigerant b is circulated within the refrigerant tank 12 of 
the ice making machine 1, and the rotation axis 14 and the blade 
32 fixed thereto are driven to be rotated. Then, the valve 31 
is opened and the cooling- seal fluid e is supplied into the 
refrigerating tank 27 of the freezing device 3. 

[0053] 

Then, while water a is dropped from the upper portion of 
the ice making tank 11, the water is jetted onto the inner face 
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of the ice making tank 11 from the water ejection holes 22 at 
the same time. The water is frozen by exchanging heat with the 
refrigerant b in the refrigerant tank 12 via the ice making tank 
11, and the water adheres onto the inner face of the ice making 
tank 11 as a thin ice layer d. 
[0054] 

The ice layer d is scraped down by the blade 23 and enters 
the tank 24 of the crusher 2 to be crushed into ice particles 
d x with a predetermined dimension and shape. In the course of 
falling through the guide tube 29 and the partition tube 28 of 
the freezing device 3, the ice particles di are refrigerated by 
contacting with the cooling-seal fluid e moving upward within 
the partition tube 28 . 

[0055] 

At this point, by adjusting the opening of the valve 31 
in accordance with an instruction from the temperature sensor 
30 to adjust an amount of the cooling-seal fluid e passing through 
the valve 31, the temperature of the ice particles di is adjusted 
to a predetermined temperature and the hardness thereof is 
maintained to a predetermined hardness. 

[0056] 

The ice particles di made to the predetermined hardness 
falls into the blast tank 4 and are stored in the hopper 3 5 and 
the storage tank 36 thereof. 

[0057] 

As shown in Fig. 10, when the leading end of the blade 23 
is bent at an exfoliation angle a of the ice, the ice layer d 
frozen on the inner face of the ice making tank 11 can be scraped 
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down smoothly . 
[0058] 

Also, as shown in Fig. 11, when the base end of the blade 
23 is fitted pivotally on the rotation axis 14 and the leading 
end of the blade 23 is brought into contact with an inner 
circumference face of the ice making tank 11 by pressurizing 
with a coil spring 42 disposed between a support base 41 fitted 
on and protruding from the rotation axis 14 and an intermediate 
portion of the blade 23, the ice layer d can be scraped down 
effectively . 

[0059] 

Also, as shown in Fig. 12, when a screw blade 44 is fixed 
to the rotation axis 14 via stays 44 and a leading end of the 
screw blade 44 is bent in an axial direction at an exfoliation 
angle a of the ice as shown in Fig. 12c, the ice layer d can 
be scraped down smoothly and dropped downward. 

[0060] 

Also, as shown in Fig. 13, vertically- spaced multiple ribs 
4 5 may be disposed on and protrude from the inner circumference 
face of the ice making tank 11 , and the ice layer d frozen between 
the adjacent ribs may be scraped out with a multi-plate blade 
46 disposed on and protrude from the rotation axis not shown. 

[0061] 

Fig. 14 shows another embodiment of the ice making machine 
1. An upright cylindrical refrigerant tank 4 7 is disposed 
coaxially within an upright cylindrical ice making tank 46, and 
a downward pipe 48 is disposed vertically in the center of the 
refrigerant tank 47. Water a is jetted from multiple nozzles 
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49 disposed on an inner circumferential face of the ice making 
tank 46 to an outer circumferential face of the refrigerant tank 
47, and liquid refrigerant b is supplied to a bottom of the 
refrigerant tank 47 via the downward pipe 48. 
[0062] 

Then, the water adhering onto the outer circumferential 
face of the refrigerant tank 4 7 is frozen and forms an ice layer 
d by exchanging heat via the refrigerant tank 47 with the liquid 
refrigerant b therein; the liquid refrigerant b in the 
refrigerant tank 4 7 is evaporated; and vapor thereof is exhausted 
via an exhaust pipe 50. 

[0063] 

Fig. 15 shows an exfoliation mechanism for the ice layer 
d frozen on the outer circumferential face of the refrigerant 
tank 47. A plurality of annular scrape-down plates 51 are 
disposed as multiple stages being spaced vertically, and these 
scrape-down plates 51 are coupled to a ring 53 via multiple 
tension members 52. 

[0064] 

The ring 5 3 is coupled to an external disk 5 5 via multiple 
rods 54 and, by reciprocating the external disk 54 vertically 
with drive means such as a motor and the like, the scrape-down 
plates 51 are moved up and down to scrape down the ice layer 
frozen on the outer circumferential face of the refrigerant tank 
47. 

[0065] 

Fig. 16 shows another embodiment of the ice making machine 
1. In this embodiment, a refrigerant tank 57 installed within 
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an ice making tank 46 is in the shape of an upright cone tilting 
at an adhesion prevention angle 6. The water a is dropped onto 
a cone-shaped outer face of the refrigerant tank 57 and forms 
ice particles in the course of moving through multiple grooves 
provided on the cone-shaped outer face, 
[0066] 

Fig. 17 shows another embodiment of the exfoliation 
mechanism for the ice layer d. A shape-memory plate 62 changing 
a shape due to temperature change such as a shape-memory alloy, 
shape-memory resin and bimetal is disposed such that the plate 
comes into contact with a heat transfer wall 61 cooled by the 
refrigerant b, i.e., outer faces of the ice making tank 11 of 
Fig. 9, the refrigerant tank 47 of Fig. 14 and the refrigerant 
tank 57 of Fig. 16. 

[0067] 

As shown in Fig. 17A, when the shape -memory plate 62 is 
in contact with the heat transfer 61 and cooled to or below the 
freezing point to become a flat-plate state, if the water a is 
jetted onto the outer face of the shape-memory plate 62 and frozen , 
since temperature of the shape-memory plate 62 rises in response 
to this, the shape-memory plate 62 changes to a wave shape and 
the ice layer d is exfoliated, as shown in Fig. 17B. Once the 
ice layer d is exfoliated, the shape-memory plate 62 regains 
the original flat-plate state since the plate comes into contact 
with the heat transfer 61 and is cooled again, as shown in Fig. 
17C. 

[0068] 

As an initial shape, the shape-memory plate 62 may have 
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not only the flat -plate shape, but also any shape such as a curved 
plate or a wave plate, or the shape-memory plate 62 may be fixed 
to the heat transfer wall 61 at multiple points or may be 
positioned without being fixed. 
[0069] 

Fig. 18 shows yet another embodiment of the exfoliation 
mechanism for the ice layer d. In this embodiment, by 
reciprocating multiple scrapers 63 having front edges tilting 
at an ice exfoliation angle a for a distance corresponding to 
an interval L between adjacent scrapers 63 such that the scrapers 
63 rubs the outer face of the heat transfer wall 61, the ice 
layer adhering to the outer face of the heat transfer wall 61 
is scraped down. 

[0070] 

Fig. 19 shows yet another embodiment of the exfoliation 
mechanism for the ice layer d. In this embodiment , by downwardly 
moving scrapers 64 respectively stored in multiple enclosures 
as shown in Fig. 19A, the ice layer d adhering to the heat transfer 
wall 61 is scraped off by the sharp leading ends of the scrapers 
64, and discharge blades 66 pivotally fitted to lower ends of 
the enclosures 65 are raised at the same time, as shown in Fig. 
19B. 

[0071] 

When the scrapers 64 moves further downward, as shown in 
Fig. 19C, the discharge blades 66 are further raised by 
projections 67 provided in a base portion of the scrapers 64 
and drop down the scraped ice layer d. Subsequently, the 
scrapers 64 are raised and stored into the enclosures 65. 
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[0072] 

In this embodiment, the scrapers 64 is needed to be 
reciprocated for a distance shorter than that shown in Fig. 18, 
and the ice layer d can be assuredly dropped down. 

[0073] 

Although not shown, by applying a coating film made of 
water- shedding resins to a surface onto which water is frozen, 
such as the inner face of the ice making tank 11 shown in Fig. 
9, the outer face of the refrigerant tank 47 shown in Fig. 14, 
the outer face of the refrigerant tank 57 shown in Fig. 16, the 
outer face of the shape -memory plate 62 shown in Fig. 17 and 
the heat transfer walls 61 shown in Fig. 18 and Fig. 19, the 
exfoliation of the ice layer d may be improved. 

[0074] 

Fig. 20 shows another way to flow the cooling- seal fluid 
e in the ice particle making device 100 shown in Fig . 9 . A portion 
of the cooling- seal fluid e supplied to the freezing device 3 
moves upward within a jacket 33 via a path 32, and the remaining 
portion moves upward within the ice making tank 11 and enters 
the jacket 33 through passage holes 88 bored in an upper part 
thereof to be combined with the cooling-seal fluid moving upward 
within the jacket 33 and exhausted from an exhaust pipe 34. 

[0075] 

In this way, the cooling- seal fluid moving upward along 
the inner circumferential face of the ice making tank 11 may 
constrain heat dissipation from the inner circumferential face 
of the ice making tank 11 and, at the same time, can contribute 
to the cooling of the water jetted onto the inner circumferential 
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face of the ice making tank 11 , and the cooling-seal fluid flowing 
through the jacket 33 may constrain heat radiation from the outer 
circumferential face of the refrigerant tank 12. 
[0076] 

Fig. 21 shows a way to flow the cooling- seal fluid in the 
ice particle making device 100 comprising the ice making machine 
1 shown in Fig. 14. A portion of the cooling-seal fluid e 
supplied to the freezing device 3 is exhausted from the exhaust 
pipe 34 via the path 32 and via the jacket 33 formed around the 
ice making tank 46. The remaining portion moves upward along 
the outer circumferential face of the refrigerant tank 4 7 and 
flows into the jacket 33. 

[0077] 

In this way, the cooling-seal fluid flowing through the 
jacket 33 can constrain heat radiation from the outer 
circumferential face of the ice making tank 46, and the 
cooling- seal fluid moving upward along the outer 
circumferential face of the refrigerant tank 47 can constrain 
heat dissipation from the outer circumferential face of the 
refrigerant tank 4 7 as well as can contribute to the cooling 
of the water jetted onto this outer circumferential face. 

[0078] 

Fig. 2 2 shows a way to flow the cooling- seal fluid in the 
ice particle making device 100 comprising the ice making machine 
1 shown in Fig. 16. A portion of the cooling-seal fluid e 
supplied to the freezing device 3 is exhausted from the exhaust 
pipe 34 via the path 32 and via the jacket 33 formed around the 
ice making tank 46, and the remaining portion moves upward along 
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the cone-shaped outer face of the refrigerant tank 57 and flows 
into the jacket 33. 
[0079] 

In this way, the cooling-seal fluid flowing through the 
jacket 33 can constrain heat radiation from the outer 
circumferential face of the ice making tank 46 , and the 
cooling-seal fluid moving upward along the cone-shaped outer 
face of the refrigerant tank 57 can constrain heat dissipation 
from the cone-shaped outer face of the refrigerant tank 5 7 as 
well as can contribute to the cooling of the water dropped onto 
this cone-shaped outer face 

[0080] 

Although descriptions have been made for examples of 
removing stain such as rusts and scales adhering onto the inner 
face of the heat transfer pipe 10 as above, the invention may 
be applied to removal of scales adhering onto turbine blades , 
stain adhering onto inner faces of boilers or outer surfaces 
of buildings , airplanes and railroad vehicles and marine 
organisms adhering onto outer panels of vessels, off course. 

[0081] 

[Effect of the Invention] 

In a first invention of claim 1, since stain adhering onto 
a stained face is removed by jetting ice particles onto and making 
the ice particles collide with the stained face, conventional 
sand particles do not have to be used. Therefore, the sand 
particles and costs for refilling thereof are not required, and 
costs for processing the collapsed sand particles are not 
required. 
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[0082] 

Since hardness of the ice particles may be made to 
sufficient hardness for chipping off the stain by adjusting 
temperature of the ice particles, the stain can be effectively 
removed and, by making the hardness of the ice particles equal 
to or lower than hardness of the stained face, the stained face 
is prevented from being chipped by the ice particles. 

[0083] 

Since collision forces of the ice particles can be easily 
adjusted when the ice particles are carried and jetted by high 
speed air, the stain can be effectively removed and the removed 
stain can be carried out or diffused by the air flow. Also, air 
can be easily obtained; the high speed air flow can be easily 
obtained by pressurizing air; and after the stain is separated, 
the air can be processed easily and inexpensively. 

[0084] 

When the ice particles are carried and jetted by high speed 
water, the stain can be effectively removed not only by collision 
forces of the ice particles, but also by an impact force of the 
high speed water, and the removed stain can be easily carried 
out by the water flow. Also, since the ice particles melt into 
water again, the stain can be easily separated from the water 
by a wastewater treatment. 

[0085] 

When the ice particles are carried and jetted by high speed 
mixture fluid consisting of air and water, the stain can be 
effectively removed not only by collision forces of the ice 
particles, but also by an impact force of the air and water. 
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[0086] 

When the ice particles are carried and jetted by high speed 
cold water extracted from a dynamic ice thermal storage apparatus , 
temperature and hardness of the ice particles can be constrained 
from changing and the cold water can be obtained inexpensively 
with the use of midnight power and the like. 

[0087] 

In a second invention of claim 7, by being comprised of 
an ice making machine for freezing water, a crusher for crushing 
and forming the ice supplied from the ice making machine into 
ice particles with a required shape and dimension, a freezing 
device for cooling the ice particles supplied from the crusher 
to a required temperature and hardness, it is easy to produce 
the ice particles with the required shape and dimension as well 
as the required temperature and hardness. 

[0088] 

When a refrigerant tank is disposed around an ice making 
tank and water is jetted and frozen onto an inner face of the 
ice making tank, the water can be frozen on the inner face of 
the ice making tank. 

[0089] 

When a refrigerant tank is disposed inside an ice making 
tank and water is jetted and frozen onto an outer face of the 
refrigerant tank, a cold insulation structure is simplified, 
contributing to miniaturization of the entire apparatus. 

[0090] 

When an upright cone-shaped refrigerant tank is disposed 
inside an ice making tank and water is dropped on an upright 
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cone-shaped outer face of the refrigerant tank, the ice particle 
can be easily produced. 
[0091] 

When means are provided for scraping down an ice layer 
frozen on an outer face of a heat transfer wall cooled by 
refrigerant, the ice layer frozen on the outer face of the heat 
transfer wall can be easily scraped down. 

[0092 ] 

When a shape-memory plate changing a shape by ice adhering 
thereto is disposed on an outer face of a heat transfer wall 
cooled by refrigerant, an ice layer frozen on an outer face of 
the shape -memory plate can be automatically exfoliated. 

[0093] 

When a surface for freezing water is coated by a 
water- shedding film, an ice layer frozen on this surface can 
be easily exfoliated. 

[0094 ] 

When a portion of cooling-seal fluid supplied to the 
freezing device is forced to flow along and pass through an inner 
face of the ice making tank and the remaining cooling -seal fluid 
is forced to flow around and pass through the refrigerant tank, 
the cooling- seal fluid can constrain heat radiation from the 
refrigerant tank and constrain heat dissipation from the inner 
face of the ice making tank to contribute to the cooling of the 
water jetted onto an inner face of the ice making tank. 

[0095] 

When a portion of cooling-seal fluid supplied to the 
freezing device is forced to flow along and pass through an outer 
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face of the refrigerant tank and the remaining cooling- seal fluid 
is forced to flow around and pass through an ice making tank, 
the cooling-seal fluid can constrain heat radiation from an outer 
face of the ice making tank and constrain heat dissipation from 
the outer face of the refrigerant tank to contribute to the 
cooling of the water jetted onto the outer face of the refrigerant 
tank. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a system diagram showing a first embodiment of 
the invention. 
[Fig. 2] 

Fig. 2 is a system diagram showing a second embodiment of 
the invention. 
[Fig. 3] 

Fig. 3 is a system diagram showing a third embodiment of 
the invention. 
[Fig. 4] 

Fig. 4 is a cross -section diagram showing an example of 
a variation of a cooling storage tank according to the third 
embodiment . 
[Fig. 5] 

Fig. 5 is a system diagram showing a fourth embodiment of 
the invention. 
[Fig. 6] 

Fig. 6 is a system diagram showing a cooling supply system 
to an ice particle making device according to the invention. 
[Fig. 7] 
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Fig. 7 is a system diagram showing another cooling supply 
system to an ice particle making device. 
[Fig. 8] 

Fig. 8 is a system diagram showing another cooling supply 
system to an ice particle making device. 
[Fig. 9] 

Fig. 9 is a longitudinal sectional view showing an ice 
particle making device. 
[Fig. 10] 

Fig. 10 is a transverse sectional view showing ice- scraping 
means of the ice particle making device. 
[Fig. 11] 

Fig. 11 is a transverse sectional view showing another 
ice-scraping means of the ice particle making device. 
[Fig. 12] 

Fig. 12 shows another ice- scraping means of the ice particle 
making device: (A) is a transverse sectional view; (B) is a 
longitudinal sectional view; and (c) is a cross-section diagram 
showing a leading end of a blade. 
[Fig. 13] 

Fig. 13 shows yet another ice- scraping means of the ice 
particle making device: (A) is a partially cutaway perspective 
view; and (B) is a cross -section diagram showing an exfoliation 
situation of an ice layer. 
[Fig. 14] 

Fig. 14 is a longitudinal sectional view showing another 
embodiment of an ice making machine. 
[Fig. 15] 
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Fig. 15 shows ice -scraping means of the ice making machine: 
(A) is a side view; and (B) is a partial perspective view showing 
an exfoliation situation of an ice layer. 
[Fig. 16] 

Fig. 16 is a longitudinal sectional view showing another 
embodiment of an ice making machine. 
[Fig. 17] 

Fig. 17 shows another embodiment of ice -scraping means and 
(A), (B) and (C) are partial perspective views of different 
changing states . 
[Fig. 18] 

Fig. 18 shows another embodiment of ice- scraping means and 
(A) and (B) are partial perspective views of different changing 
states . 
[Fig. 19] 

Fig. 19 shows yet another embodiment of ice- scraping means 
and (A), (B) and (C) are partial perspective views of different 
changing states. 
[Fig. 20] 

Fig. 20 is a schematic cross -section diagram showing 
another way to flow cooling-seal fluid in an ice particle making 
device . 
[Fig. 21] 

Fig. 21 is a schematic cross-section diagram showing a way 
to flow cooling-seal fluid in another ice particle making device . 
[Fig. 22] 

Fig. 22 is a schematic cross-section diagram showing a way 
to flow cooling-seal fluid in another ice particle making device . 
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[Fig. 23] 

Fig. 23 is a chart diagram showing a relationship between 
temperature of ice and Vickers hardness. 
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